The study aimed to describe the effect of indoor temperature on social life participation and clothing and drinking behavior in older adults during heat waves and other days. The results may be relevant to sensitize relatives and care givers on how to support older adults during heat stress.
Introduction
Heat waves with extreme temperatures in summer are associated with increased mortality, especially among vulnerable older adults [12, 15] ; however, there are uncertainties as to the degree to which people adapt to these challenging conditions [29] .
Indoor temperature is associated with both heat-related self-perceived health problems [19] and changes in physiological parameters, e. g. blood pressure [31] . This could be of concern in an older population that spends much of its time indoors and when air conditioning is not a common feature. While autonomic thermoregulation, such as changes in blood pressure or sweating, are driven by heat sensation, temperature-related behavioral adaptations are driven by discomfort [5] . In this context it is noted that the sensitivity of older adults to changes inenvironmental temperature conditions is diminished [4] .
Frailty, characterized by physiological vulnerability in older adults [6] and environmental factors, such as the residential area in which they live, are discussed as possible effect modifiers of heat stress. The accessibility to green spaces is associated with better perceived general health [21] and reduced heat-related mortality [2] . Furthermore, the urban heat island effect has been shown to increase heatrelated mortality [28] .
Outdoor weather conditions affect physical activity of older adults [18] . Restrictions in social life participation are seen during cold outdoor weather conditions in older adults [3] . There are also distinct detrimental physiological effects seen in older adults who sit indoors at 30°C, even after only 45 min [27] . To date, there is no study describing the effect of more prolonged high indoor temperature on social participation of older adults.
General recommendations for older adults on how to adapt to high environmental temperature, including lighter clothing and drinking more fluid, are generally qualitatively reported (yes/no) [18] . Recommendations on temperature-related behavioral adaptation, such as the volume of drinking, are primarily focused on e. g. avoiding decrease of cognitive function, constipation, decrease of cardiovascular function or acute kidney injury but depending on many factors (e. g. hydration status or level of activity), especially for older adults [23] . A study recording the frequency of indoor and outdoor temperature-related adaptations (yes/no per unit time) reported an underuse of heat-protective behavior in older adults [30] . It is important to not only understand the association between temperature and qualitative adaptation, but also knowledge about the quantity of this adaptation is necessary for recommendations on how to adapt at times of heat stress.
The aim of this study was to describe the association between indoor temperature and social life participation and temperature-related behavior of older adults during heat waves and other days in a country where air conditioning is not common. Furthermore, possible effect modifiers were investigated.
Methods

Subjects and design
For this panel study with repetitive measurements, a convenience sample of independent older adults was recruited from 10 facilities of sheltered living in one city in Southern Germany. Inclusion criteria were an age of 60 years or older, no need of formal or informal support and a regular outdoor activity of at least 30 min per day. Exclusion criteria were not being able to follow instructions, uncontrolled cardiac illness, use of a wheelchair and terminal illness. All subjects gave their written informed consent for inclusion before they participated in the study. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the ethics committee of the University of Tübingen (080/2015/BO2). 
Assessment protocol
Repetitive assessment
Climate condition
Maximum indoor temperature and humidity were measured during the assessment with a data logger (HL-1D, ROTRONIC Messgeräte, Ettlingen, Germany), which was placed on a table in the shade in the participants' private rooms where the assessments were conducted. Since there was hardly any change of temperature and humidity (maximum 1°C and 1%, respectively) during the assessment, the maximum values were used and a heat index was calculated, which combines air temperature and relative humidity in shaded areas, as an attempt to determine the humanperceived equivalent temperature [26] .
Heat-related behavior
The volume of drinking [l, liters] during the previous day was asked in a standardized interview by adding all consecutive drinks in the previous 24 h. Clothing of the participants during the assessment was described by quantifying each clothing item in order to reflect the behavioral adaptation of thermal insulation to the indoor climate condition [22] . 
Social life participation
Participation in social life was assessed using a subscale (questions 40, 42-44) of the WHO-QoL questionnaire [24] . The 4 questions focusing on 1) general activity, 2) how the time is spent in general, 3) the amount of activity and 4) participation in the community were modified in order to link social life participation to actual temperatures (e. g. How comfortable are you at these temperatures with the opportunity to participate in the community?). Answers were given on a 5-point Likert scale (1 = very dissatisfied; 5 = very satisfied). The sum score of the 4 questions (best score = 20; worst score = 4) was used for analysis.
Descriptive measures and selfreporting of heat protective behavior
Age, body weight (portable personal scale) and body height (tape measure) were recorded at the first visit and the body mass index (BMI) was calculated. Comorbidity was assessed via a standardized questionnaire asking for 18 agerelevant diseases and symptoms [8] .
Yes/no answers resulted in a maximum (worst) score of 18. In order to describe the functional status of participants and to create subgroups for analyses, habitual gait speed (m/s) was measured using a stopwatch over a distance of 4 m at the first visit/ assessment at a mean indoor temperature of 22.7°C. If needed, assistive devices could be used. According to Fried et al. [6] , the gender specific cut-offs for low gait speed were 0.653 m/s for women and men with body height less than 159 and 173 cm, respectively, and 0.762 m/s for women and men with body height of at least 159 and 173 cm, respectively. The rationale to use gait speed was because it is highly correlated with frailty [25] .
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Keywords
Cognition was screened using the short orientation memory concentration (SOMC) test [13] with weighted scores of 0 (best) up to 28 (worst) and a score of >10 suggesting cognitive impairment.
The residential area of the facilities of sheltered living was dichotomized into garden city/suburb or city/city center, which was based on the real land use map of the city [17] .
In a structured interview 2 months after the heat waves the participants were asked if the summer heat was perceived as stressful this year. Answers were given on a 5-point Likert scale (1 = not at all; 5 = extremely). Furthermore, they were asked (yes/no) if they had adapted their behavior to the heat by drinking more, wearing lighter clothing or reduction of activity. Other heat protective behavior was asked for with open answers ("What else did you do to protect yourself against the heat?").
Statistics
The association between indoor temperature and behavior was modelled using multi-level additive models in order to account for the time series nature of the data. The models were set up to describe individual effects using random intercepts, where visits at different time points (level 1) were nested within per- sons (level 2). To consider the correlation of repeated measurements, an unstructured covariance matrix was used. Spline terms were included as fixed effects to illustrate the shape of the association between indoor temperature and behavior.
To reduce the effect of extreme values on the margins of the distribution, 2.5% of the observations on each margin were excluded in the figures. Measured and unmeasured covariates on the individual level, which are stable over the observation period (e. g. sex and education), are inherently controlled by the multi-level structure of the model. Multi-level linear regression models were also used to calculate the slope between indoor temperature and the considered behavior measures as well as to estimate the differences between days during and outside heat waves. Heat wave (inside and outside) was treated as a dichotomous variable. Analyses were additionally stratified by gait speed and/or residential area to assess possible effect modification. Spline figures were modelled using R (R Foundation for Statistical Computing, Vienna, Austria) version 3.3.1 and the mgcv package version 1.8-17 for mixed GAM computation. All other analyses were conducted using SAS version 9.4 software (SAS, Cary, NC).
Results
In this study 81 older adults with a mean age of 80.9 years (range 63-93 years; 68 women, 84%) were included as participants. A total of 540 visits/assessments were conducted with a mean of 6.7 visits/assessments per participant. Of these visits 112 (mean 1.6 per participant) were conducted during the 2 heat waves (heat alarm from the German Meteorological Service from 30 June to 7 July and 8-14 August). All missing visits were due to participants having other engagements. No visit was cancelled due to perceived heat stress. The minimum indoor temperature of all visits was 17.2°C on 14 October, the maximum indoor temperature was 30.3°C on 7 July. During the assessment period 1 participant died after visit 5 and 1 participant moved to a nursing home after visit 4. Categorizing the participants according to gait speed and residential area, sub-groups of 34 participants with initially low gait speed versus 47 participants with initially high gait speed and 37 participants living in a garden city/suburb versus 44 participants living in the city/ city center were created. Of the participants, 8 all from the low gait speed subgroup, used a walking aid (walking stick n = 4; wheeled walker n = 4) during 1 (n = 5) or several assessments (twice, 4-times or 8-times; n = 1, each). A further description of the cohort is shown in detail in . Table 1 .
Multi-level linear regression analysis revealed a negative effect of increasing indoor temperature on social life participation in all groups (. Fig. 1a) . Social life participation was higher in participants with high gait speed than in participants with low gait speed at all temperatures (. Table 2 ). The effect per 10°C increase of indoor temperature was stronger in participants with initially low gait speed (-5.76; 95% CI -7.13; -4.39). Stratification for residential area showed a stronger decrease of social life participation in those living in the city/city center at temperatures higher than 25°C (. Fig. 1b) , leading to a decrease of -5.87 (95% CI -7.01; -4.73) in the participation score per increase of 10°C (. Table 2 ).
Comparing results from assessments in absence of a heat wave to results assessed during a heat wave, the highest decrease of participation during a heat wave was seen in participants with initially low gait speed and in those living in the city/city center (-3.43; 95% CI -4.26; -2.60 and -3.33; 95% CI -3.99; -2.67, respectively).
In general, similar patterns were observed for the heat index compared to results of maximum indoor temperature for all outcomes. Since maximum indoor temperature is easier to use and better to communicate, the results using heat index as independent variable are not presented here.
The standardized interview asking for the volume of all drinks of the previous day was well adopted by the participants resulting in self-managed drink protocols. The volume of drinking increased withincreasing indoortemperature inthe total group and the sub-group of those with initially low gait speed nearly linearly. In the sub-group of those with initially high gait speed a nearly linear increase was seen only at higher temperatures (. Fig. 2a ). . Table 2 shows the highest increase per 10°C in participants with initially low gait speed (0.71 l; 95% CI 0.49 l; 0.93 l); however, comparing results from assessments in the absence of a heat wave to results assessed during a heat wave, the additional volume of drinking was lowest in this group of participants (0.27 l; 95% CI 0.13 l; 0.41 l;
. Table 2 ).
With increasing indoor temperature clothing was lighter in the total group (-0.41 change in clo-units per 10°C increase of temperature; 95% CI -0.46; -0.37) and showed a nearly linear decrease in all groups (. Fig. 2b) . Clothing behavior was not different between participants with high or low gait speed (. Table 2 ). Comparing results from assessments in the absence of a heat wave to results assessed during a heat wave, a statistically significant difference in clothing behavior was seen in all groups with lighter clothing during a heat wave. The difference of 0.17 clo-units in the total group is for example equivalent to leaving out a singlet (0.04) and the change from a long-sleeved (0.25) to a short-sleeved shirt (0.15) and from thick (0.05) to light socks (0.02). During the heat waves there were 8 participants (10%) with clo-unit values of 0.5 or higher.
After the heat waves 79 participants were available for the structured interview on heat-adaptive behavior n number of subjects (. Table 3 
Discussion
This study shows that high indoor temperatures and heat waves have an effect on behavior of older people. Our results are in line with other studies showing effects of extreme outdoor temperatures on social life participation [3] , physical activity [16] and physical performance [27] . Social life participation was reduced with increasing indoor temperature. The observed reduction is similar to the effect of other extreme weather conditions, i. e. ice [3] . Derived from the graphical analyses of our results 25°C appears to be an important temperature after which adaptation is necessary and generally seen. Reducing general activity during heat exposure, which was reported by 87.3% of the participants, is a reasonable adaptation to heat stress. In our study, the reduction of social life participationwas more prominentinthe subgroup of adults with low gait speed. This sub-group had also more comorbidities and was probably more vulnerable to heat stress; therefore, the higher reduction of social life participation in this sub-group seemed to be an adequate response to heat stress. On the other hand, there is indirect evidence that higher physical fitness helps maintain a higher level of social life participation even during heat stress.
In the context of health-related studies, these implications are corroborated by other improved outcomes, such as lower falls risk [7] , lower short-term mortality and less nursing home admission [9] in older adults with better physical performance. Social life participation during heat was higher when the residential area was located in garden cities or suburbs. This might be explained by a better microclimate during heat with reduced temperatures in areas with green spaces [21] . Since the classification of residential area in our study was based on access to green spaces, our results are comparable with studies showing better self-perceived general health [20] , lower heatrelated mortality [2] and traffic noise reduction [11] associated with better access to green spaces.
There was an adaptation of temperature-related drinking behavior with an increasing amount of drinking volume with increasing indoor temperature. This increase of drinking volume was not different for sub-groups and is a physiological response to higher fluid loss due to transpiration; however, the physiological response is less pronounced in older people and an increasing fluid intake with increasing ambient temperature is not selfevident. Our quantitative data are in line with qualitative data of a study related to outdoor temperatures where participants reported having drunk more during heat [18] . The nearly linear trend of increasing drinking volume with increasing temperature in our study may be a hint that this general mechanism works correctly. Nevertheless, the mean maximum volume of drinking at high indoor temperature in our study (approximately 2.2 l) is in the range of reported mean drinking volume of adults (1.8-2.8 l) under normal environmental conditions [23] indicating that our cohort possibly did not drink enough; therefore, a close supervision during heat waves might be helpful for older adults to prevent possible decrease of cognitive function, constipation, decrease of cardiovascular function or acute kidney injury [23] . In our cohort the awareness of heat stress cannot be taken for granted from our results. There was an adaptation of drinking behavior to heat, but only one third reported in the structured interview after the heat waves (2 months delay) that they had drunk more during the heat. This might indicate that drinking behavior is hard to remember, which might be driven by the fact that older adults exhibit a decreased thirst sensation [14] . Other studies found that there was no change of behavior, even though there was awareness of extreme heat episodes, primarily due to a lack of self-perception as a vulnerable person [1] .
In our study there was an adaptation of clothing behavior to increasing indoor temperature. Whether the degree of adaptation was adequate, cannot be answered with our data. Nevertheless, there were some older adults who did not change clothing behavior during heat stress. This is in line with a study where older adults underused possible adaptive behavior during heat stress [30] , such as changing clothes or taking showers. Again a close supervision during heat waves might be helpful for these older adults.
Ingeneral, the relevance ofthe changes in social life participation and temperature-related behavior in our study is not clear, because there are no quantitative gold standards. Furthermore, the results of our special cohort cannot be generalized. Environmental aspects of the buildings, such as thermal insulation or shading, were very heterogeneous for the participants' apartments; therefore, it was not possible to investigate the effect of these factors during heat waves. However, as we used indoor temperature the actual heat exposure was investigated, including these environmental aspects. A possible effect modification due to cognitive impairment on temperature-related behavior could not be analyzed since most participants in our study were cognitively healthy. Therefore, future studies should investigate other cohorts of interest, such as cognitively impaired older adults, and should also investigate other possible effect modifiers.
Conclusion
Our study showed significant effects of indoor temperature on social life participation and temperature-related behavior in residents of sheltered living facilities. The negative association between indoor temperature and social life participation was stronger if functional capacity was low or if the facility was located in the city/city center. Improving fitness may improve heat resilience and social life participation during heat stress. Frequent personal contact and motivation by family members, neighbors and/or care providers might be necessary to support adaptation of drinking and clothing behavior during heat stress in some of the residents, particularly if they are frail.
